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Stressed State of Cylindrical ShellsoReinforced with Ribs

by

D. V. Vaynberg, V. 0. Zaruts'kiy and B. 2. Itonberg

are

Arrangement of the problem. In the given report: described the methods

of investigating the stressed state of a circular cylindrical shell,reinforced with

a regular screen of annular and rectilinear ribs. The effect of constant intensity

pressure apd longitudinal meridional forces on the sheel has been investigated.

- ,, .4- 4

Selection of the calculation method depends upon the cc:relation of basic para-

met&rs of the system: closeness of placing ribs and relative rigidity of shell wells

and ribs.

A sufficiently large number of ribs allows to average the elastic qualities of

the system and consider same from the position of thorty of thin structurally-ortho-

tropic shells of revolution. Concentration of forces in the zone of rib arrangement,

in analogy with the problem of ribbed plate L, 21 can be determined in approximation

on the basis of perturbation theory.

At en average number of ribs is recocmended a different approach to solving the

oblex••�"•_ on the utilization of defo'i,:ation characteristics of syaaetrical sys-

tems. The st.cessed state. of a :L' ",b•A re,,•O..tr shell (Cig.l,a) can be obtained by applying

FeVD-T'h 4 .1623/1.+2



two ealuulatim systems.

In the first one will be discussed a rectangular panel of the shell with rigidly

fastened annular and rectilinear edges under the effect of a given load (figlob).

In the other one is discussed a given closed shell under the effect of radial

forcesapplied to the ribs; these forces in.magnitude equal to reactions T, fou1A

in first calculationbut have an opposite sign in comparison with same (fig.lge).

Calculation of shell in the other case can. be realized by approximation methods,

Since the rigidity of the ribs is high,a comparison was made with the rigid walls

of the shell, it is advisable to change over to the calculated model in form of a

spatial cyclic symmetrical frame, formed by rings and meridion-al ribs. Here can be

applied the theory of cyclically symmetrical franmes [3In the presence of low rigidity

ribs calculation of the system in second case can be made with the aid of equations

of elastic deformation of structurally-orthotropic shells*

// /

S-. ./, . • - ..

Fit?

Special consideration should be given to the case of a lw number of relatively

rigid ribs, when it has been decided to search for an accurate solution of the:

problem. The problem here is reduced to studying the stressed state of a rectangulay

-ne2l of a cylindrical shell. The other method is based on the utilization of integro-

diff atiaL equatias; Mch erv jte from the therem of report Mutuality ,51 in

the zeport by N.O.K111eheviskiy 8

,2°•Differ&:.~ial o,., ton.s the ljoblao and their solutiocts. We will write

a systeai of t,-'.¶,c'n of tach'vtcal !".cJy of shellsOL9

Irv D4.rU0-63.1623/l+2a



Azl

a( B

the shell; h-thickness of shell; a2 = 6ý; B,,; - tensile strength of shell and Poison

coefficient; XI•X2,• - components of surface load (accepted as X2 0 )

we shall examine a cylindrical panel, the rectilinear edge of which (iný conformity

with the cyclic sym~netry of the shell) are connected with the elastically settled ribs,

which do not rotate, and curvilinear - hinged. The' load consists of normal pressure

p and axial meridional forces N1 appalied to the faces,

In this case,•- x, N -- (my - -( - OLO.- 7, (a, o + -[M+,

X3 =---p- T,(• 0) 16 (P) + 6 31),- ], ' .(..

where U k, 9 :- R; o-length of shell; acemenutmetr of tibh. ce (0) s Ta f th hl

and T1 (i 0) :2 -T , - general (ines irchhoff under standing) cross sectiofal

and tangellt ftrces so

The law Of signsr for forces and mwents is showneina fcig.2s The mo iltudessure

pre Dirac' m deinfunc fce on ale t the fa also a ceesented in

fo of incongruous trs.ei etric series, eogls

nT(- -,) ge.3) u es di) rset.

On the curvilinear edges of the panel take place bounidny. corAition)

uZ (0, U)= (al (, =0, U3 (0,,D U. u(X,, 0)= .
,(2 IL

G, (0, t) =in, a•e •) = o. S, (0, tk paSc (ba, Syndi--. 't

on rectilinear contours .13-UsLyinha of cyc1 .. unetry for displacc&nt.Is of angles

of roWtion of the shell

•l".-•S L ,S23/1+2 3



u,(,o 0) =U, (, )=. a.3 -- 0 ,,i,:

and conditions of ccupling with elastic ribse

T, • 01 -- - (1, 1=•) = -p, (3t), 2Ti• 1 = -2 •o •) •-, • 26

The magnitudes P1 (C) and p2 (Q ) are designated by rit dals-acement•:- which are

equal to the displacements of corresponding contour- points of the shell

F Wa -4 (2.7).

Where Fl, I,- area and ment of inertia o transverse 'cross section of rib; El - Young

modulus of the rib material. The values Tl(q,O) and T3 (oCO) are reprcsented by trigo-.

nametric series with unknown coefficients am andi bm

T, .0) b cs T. (2.8)

al ..

Solution of the system of equationas (2.1) for load (2.2) in confomity with boundary

conditions (2.4) and (2.5) ere sought in the formula

* " , V C Q S,} " '
. A mn Cos - COS

n-U m-1

Lit -11. B's in -Isrma sin fTl '
n=l mrlj

E-"

Utiliz•ag (2,3), (2,6), (2,7), (2,8) we find
A,, = Amo? 0n 4 O,11.. btnA'M,

,. -= arbL . bmB,' (12 iq'

c.,.= -t- am + b.,c

where

Por .equaq.tion 2,11. see 'page 4a
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erp gmar= a , D -- 1bin-oII rigidity of shell;

1,_ *i '0 n 0,
a2  • On . A o n 0.

In accordance with the boundary conditions (2;6) and (297) we obtain a system of

equations to designate aM and bm

' " ;'" It •rnb,. = - -" (A.. + a, A' + b.A;,) AI -' ', I
a2 M . Mj

OM (C.0 ta .iC. +bmC~d .2)2
Here--- , , (212)

: la--O ~~n-0 a,• . .",

in case Ni 0 we assue bm = O.Then
• ._h e j_ f q 7j " = - - 0') . . . (2 ;,14)

We will write expressions of shell displacan~nt coefficients.

* rn-

-~ - ,1)2 .-- i U. I
.mn( - yi n •Sa'( )(o- sin m-- , (2.15)

-, l+mQfl (m 2t) 4 +m1 + t T Sf(O)

"-I-

adlrl .;

R'P 2"L R, 2,, D, ElE•*' -b '-7- 2 -•= D e.. * -''D ,

+1 - - 1)" ; (mn' + 2"nl)' . . nnP :
st, :J) a e 4 + Ja.-ible -, Cos---r --, .a ...: •

.- 0 .tS2462/l+ ,

• ~ ~ ~ ~ S .... _f. I '2 2nI)I + •M• ~ico. (2.16)

s:,, ~ n) = , ,yi •o7,{' + "(2:) + in - '

• ~ ~ ~ ~ 27) • 1+ m+~=*M~t sin [ .

A Mnu•eric l ca~clah11.-ion of shall was L0ý11.1,which has eight lonC.Itadinal ribs (k--J)

at• such dataR 1 ---R 20, • 3' E.=E , . ..

E,..

R•. l s of oala'.Lla ting, :Ic,aevs a~oe jý.i, - la,' :in ,:ble :Zc ',:x n• °' cha nactevisti c values



of X~elative rigidity:t 0 (case of absence of longitudinal ribs);+-p 40'8;+~- 10;

=O (case of rigid fastening rectiline-4r edges of panels). To facilitate calculations

with the exception of expression (2.16) and we will show in closed form a quite con-

gruent part, which corresponds to deformation of the plate. Then when calculating

displacements it is possible to measure Ir fim,-six members of series according to n

and seven-eight members of series according to m. •

Par 3. Integro-differential equations and solution of same. The stressed state of

a ribbed cylindrical sbell esn also. be determined as result of solving a system of

integro-differential equations.

"Table

o( L41 T, .
a .

0 1.55. 1 0-42• 0, 0-pR4

. 'J ' • P--D " .- 150.",- -D- o. 1 . 0-5At

co ' 0,163-10-5 PR____, 250-.O- -• ,183 ID D

0,25910 0-132100 -_- 0,183

D DDD .. . ,. .

'4,8 0. 14 -10 . 0,139.1 0,ý- 0 '

pR4,o 7•5R• " •

10 . 0,146. 10 -'p 0, 12.. PIC5 0,069. 10- -R
D- D D

00 j0 0 * *0
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We shall discuss two states of rectangular panelseparated from cylindrical shell.

Th. basic state appears to be a system which consists of given load Pj(IT.M) correspond,

ing to it displacements of center surface of the shell u(i)j (N,M), forces S(i)j (N.10

and manents (G(i)j (N,9) on the limited contours.

Here N - point of applying the loed ; K(O )) point in which displacement3

are established.

The auxiliary state appears to be a system which consists of eoncentrate~d force*

having a single projection on the axis of the coordinates and applied to point M

by the Center surface of the panel, corresponding displacements v(J)i(CN), forces

N(J)i (M,N) andnmiments H(j)i (MN) on the limiting contours.

Having applied the work reciprocitj rcinciple to the taken basic and au2-iliary

states of the shell, we fornmulate a svstem of intetgro-differential equationh.w
U =i)"(N-M)-ýp (N.Q)v(,(MQ)dSQ±

4+ " ; 1)V(jj• (M, f) + G(i), (N,.0 p(/), (MA, t)] dl --* (0).. -

S[NC,)a (Al, 0) tij (N, t) +f H(1 ), (M, 0) (I)(i)f (N, t)] d~j'. (3.1)
Here S-center of sheli surrace; 1-limiting contours; Q-p-ir"t of the ceenter sur-

face; t-point on contour; iqj,• 1,293; ganm = 1.2.

The double inte[cTl is taken over the entire center surfacej single on s - over

the entire surface of the panelo

The values Oj)f and cmega (i)y - angles of rotation for auxiliary ancM basic

states respectively.

We will introduce into (3.1) general tangents and intersecting forces Tci)6 (Nt)

and Q(i)& (Mt) on the contours in basic and auxiliary states respectivelf• we witl

obtain

For equation 3.2 see page 7a

The values i.ad .I e I cml I esponAd to contuurs q= 0, c= tls, and 2- -to contoohs

0 and f> C %., P,•i.n'OLiion Aij (2L) characterizes the functiong ofipl a

cariteýod in ajatf l a~L'Y roi i .,f the cfaell on corresponding displac&zn,-)nts.

Vý3/1+2



U(i), (N,M) PI(,) Vi(,QdS+

+ jIT~i) (N t) v(j)& (M, t) +j ýG(N), t) (Ml, f)) dl, -

(3.2)
* '.S Q(/QW,1)U~i.~ N~f + ~ii (l, ~'rh(N,!t)]d11 + All.

FTD-TT- 61..623/1 +2 7a



In case tbe panel ia affected by a nornal load of constant intensity equations (3.2)

can be written in such fcor=

(S). ()
(3.3)

+4- (0 T(),(M, t)]df, -. , Q, (,)A, t u.. (0 +-H(j), (M, t), (t)1t + A.
U41)

'We shall examine a section of cylindrical ribbed cyclic symetrical shell. The

rectilinear edges of the panel are supported against elastically set ribs,which do

not turn4 curvilinear edges are hinge fastened.

'1ýw boundary conditions in basic state will be on curvilinear edges

.: o(3-4)Ut =U3 GI T =, " C.Lýo 0 i "--CL.

on rectilinear edges

•h , =.O , . • '

2T3 - ±P,(a), RLao p I (3.6

The value p(c< )is determined from (2.7).

We select an auxiliary statewhich satisfies the boundary conditions
-+ - -J =) v Q H O, o V - 0 I = H,, (3I) ',

.V,,),=2 = )J) Q(j), I- Q,,)3 -, 0, ,•,K o =o 0 . =•.i .)

TUtilizing (3.4) - (3,8) we will write (3.3) as follows

For equation 3..9 sec. .--e. 8a

The difference between the obtained integro-diLft.r•.atial equations (3.9) and

equations foxinulated byo,10,14 in connection with the solution of concrete probles

lies in the fact, that for the auxiliart state we have chosen the very same cylindrical

"panel, but under different fastening conditions, while in the mentioned reports as

auxiliary state was selected a plate which is the plan of the shell;

Analyzing term (3-9) we will notice that the problem cams to a point of determiniing

T on contours Ll and L2.

In conformity with the differeittial equations (2.1) and boundary conditions (3.7)

- (3,8) the displacement c..:ota in auxiliary state of the panel will be written

r~rh-TrT62_l6)3/L+Z 8



ui (M) P.ýV(j)3 (M, Q) dSQ +7

V~~~~j)3~~ ~ ~ (M l 3. (2 9)3 M t)dl

FTD-.TT--62--1623/1+2 8



as f~1lovu . .- sz -

aa f 8 '"4 sin---2 Cos- - Cos ":l
S-0 M -l'1"

T)(2)3, B.. • •n cos sn sin -

Sn-!r-I a-I
i.'.' -.- i

V() C . i_!a cos . 'mz in3.V(3)3= c -- Cc�, -. -- sin- co (3.10)

where l

-".. Cm, = r" ± • Trt f In )mD,,, .,.

. - .. .. . •4 .Bnn -- . 1(2 + m' +m2 + D.,

7 , ým [ y 2 d ý vm 2 D ,a -

= •. " 4I . I (3.11)
D- -D- iY* 1B(1+•on) (mlt+n•,±n•,mI. . *,j-.i__.• :...J

The values T3 (tj) and T3 (t 2 ) are determined frcm systems (3.9).during the inclusion

of (3.6) and (2.7), if J 3- A.uaM 'P V(3)3 (M.Qd z+Ta(ýI)rv,3)3(M tj dLj +

T (1,t)V(•3 (M, fl).d,.. (3.1

After substituting '(3•0) in (3.12) 'a will obtain

(3.13).,'

* Cn- .n 1,M

""a. - us sin -- d, (314)
&T4  (LI

0 . -

Having differen~iated (3,13) by alpha four times, and multiplied the rcsults

by sin 0K .• and inte~ati.:.�g by C( frcm 0 to q'we will obtain on I and L2 respec-

xT•D'. 62 ,..623/1+2 9



tivel' .M R" ( ., )41-(-- )", CM m ,4 ,

n-0

(3.16) ,

X\•Cm'I az + (-- )bn1a
n--0

hence b" pRa.m 1 -b.(-- )O'. C,, -O (3.17)
'am = mY k, " E m' C + "I+

n--O

Utilizing (2.15) and the static relationships of the theory of shells are knMO,

.it is possible to determine the sought for forces;

As it was to be anticipated, formnulas for calculations, obtained as result of

solving differential equations of a shell and found from integro-differential equations,

are in conformity. The advantage of the second approach in solving the problem liesI

apparently, in the fact, that it facilitates the selection of form of ideas of sought

for displacements and unknown forces in places where the shell and ribs are jointed*

We like to point outthat the utilization of s6uble( trigonoametric series eliminates

the necessity of det-nmining arbitrary integration constants, it also improves the

Svariation of rib charactersitica.s
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